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INHIBITORY  EFFECT  OF  INTERFERON  ON  RIBONUCLEIC  ACI 

AND  LOUPING  ILL  VIRUSES 


OF  POLIOMYELITIS 


/“Following  is  the  translation  of  an  article  by 
N,  A.  Ivanova  and  R*  Ya.  Polyak,  Department  of  Virology, 
Institute  of  Experimental  Medicine,  AMN  USSR,  Leningrad, 
published  in  the  Russian-language  periodical  Voprosy 
Virus ologli  (Problems  of  Virology),  No  11,  1966,  pages 
25— 31.  it  was  submitted  on  20  Jun  1964 ._/ 


It  has  been  established  that  the  mechanism  of'  the  protective 
action  of  interferon  is  connected  with  its  inhibiting  Influence  on 
the  reproduction  of  virus  within  the  cell*  However,  at  which  stage 
of  virus  reproduction  the  activity  of  interferon  is  directed  (repli¬ 
cation  of  nucleic  acids,  synthesis  of  protein,  composition  of  nucleic 
acids  and  protein)  has  not  been  revealed*  Most  probable  is  the  in¬ 
fluence  of  interferon  on  the  process  of  replication  of  nucleic  acids, 
though  many  authors  refute  the  possibility  of  the  direct  influence 
of  interferon  on  viral  RNA  (Ho  Mont  757 .  Grossberg  747.  Holland  fbj , 
Sommer,  Prinzie,  Denys  757,  Shonne,  Mayer,  Cokol,  vllcek  7o7»  and 
others  /5,  j>7). 

In  the  present  work  evidence  is  presented  of  the  direct  influence 
of  interferon  on  RNA,  isolated  from  the  poliomyelitis  and  louping  ill 
viruses* 


Materials  and  Methods 

We  used  the  louping  ill  virus  (obtained  from  the  Rockefeller 
Foundation  in  the  USA  in  1944)  in  the  form  of  a  10$  brain  suspension 
of  infected  mice  and  the  poliomyelitis  virus  type  I,  strain  Magoni, 
enriched  on  primary  tissue  culture  of  human  fetus  kidney  or  on  trans¬ 
planted  Detroit-6  culture* 

After  the  interaction  of  the  studied  viruses,  taken  in  a  concen¬ 
tration  of  1—3  lg  IDrq,  with  interferon  their  residual  activity  was 
determined  in  diminishing  10-fold  dilutions  by  means  of  intracerebral 
titration  on  mice  (louping  ill  virus)  or  on  a  tissue  culture  of 
Detrolt-6  ( polionyeli tis  virus)*  With  each  dilution  of  the  poliomyelitis 
virus  4—5  test  tubes,  or  1  flask,  were  infected  with  a  tissue  culture, 
and  with  the  louping  ill  virus  -  3  mice  each*  The  LD&0  and  TCD5Q  were 

calculated  by  the  method  of  Reed  and  Menoh  (1938)*  For  infection  of 
the  ssue  cultures  the  virus  was  inoubated  with  the  cells  for  one  hour, 
afte  which  the  nonadsorbed  virus  was  removed  by  a  double  washing  with 
a  pr.  >sphate-buff er  physiological  solution  (pH  7*2)* 
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RHA  was  isolated  from  the  viruses  by  the  method  of  Girer  and 
Shramm  (1956)*  The  isolated  aqueous  preparation  was  alkalised  with 
a  5%  solution  of  soda  to  a  pH  of  7.0— 7.2  and  brought  to  the  required 
ionic  concentration  with  a  5-5  M  solution  of  sodium  chloride.  For 
infection  of  tissue  cultures  we  used  RNA  in  a  1  M  solution  of  NaCl, 
for  the  infection  of  mice  -  an  0.15  M  solution  of  NaCl,  Contact  of 
RNA  with  the  cells  lasted  for  20  minutes  (Ellem,  Kotler),  after 
which  the  solution  of  RNA  was  removed  by  washing  with  a  phosphate- 
buffer  physiological  solution.  The  tissue  culture  was  infected  with 
1—2.5  lg  ID50  of  RNA,  which  approximated  a  working  dose  of  the 
initial  virus.  Titration  of  the  infectious  activity  of  the  resulting 
preparations  of  RNA  was  conducted  in  a  similar  manner  to  the  titra¬ 
tion  of  the  corresponding  viruses.  t 

The  specificity  of  RNA  pre pactions  was  determined  in  control 
ttosts  after  a  30-minute  contact  with  10—30  ng/al  of  RNase,  which 
ensured  the  complete  inactivation  of  RNA.  Wd  used  &  primary  mono- 
layer  tissue  culture  of  chick  embryo  and  a  transplanted  oulture  of 
Detroit-6. 

All  the  investigations  were  conducted  with  homogeneous  interferon, 
obtained  on  a  monolayer  culture  of  chick  fibroblast?.  Infected  with 
the  virus  of  Japanese  encephalitis  (strain  No  47),  in  medium  No  199. 

For  cultivation  of  the  virus  we  used  a  1200  ml  flask,  into  which 
5^,000  LD5Q  of  virus  was  introduced.  Four  days  after  infection  the 
cultural  fluids  frcm  individual  flasks  were  mixed,  then  cleared  by 
10-minute  centrifuging  at  3,000  rpm,  after  which  the  virus  was  inao- 
tivated  by  1-hour  heating  at  60°.  Activity  of  interferon  was  deter¬ 
mined  in  a  series  of  dilutions  with  a  coefficient  2  on  test  tube 
cultures  of  chick  fibroblasts  relative  to  50  TCD50  of  the  vesicular 
stomatitis  virus.  The  average  titer  of  interferon  corresponded  to 
a  dilution  of  1:32  and  did  not  ohange  after  6—12  months  of  storage 
at  4°.  Interferon  was  used  in  a  dose  of  16  active  units,  i.e.,  in 
a  dilution  of  1:2. 

In  all  the  testa  ths  oontrol  was  oultural  fluid  with  non-infeo- 
ted  tissue  culture  of  chick  fibroblasts  which  had  been  subjected  to 
similar  treatment. 

The  following  variants  of  interaction  of  viruses  and  their  RNA 
with  interferon  were  studied. 

1.  Interferon  was  introduced  into  the  tissue  oulture  24  hours 
prior  to  its  Infection  with  viruses  or  their  RNA.  Prior  to  infection 
the  liquid  phase  of  the  tissue  oulture  together  with  the  interferon 
contained  In  it  was  removed  and  the  culture  washed  twioe  with  a  large 
volume  of  buffer  solution. 

2.  Interferon  was  introduced  into  the  tissue  oulture  immediately 
after  adsorption  of  virus  or  RNA* 
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3*  Interferon  was  introduced  24  hours  prior  to  infection,  and 
then  additionally  immediately  after  adsorption  of  the  infectious 
material.  In  the  latter  case  the  constant  presence  of  interferon 
in  the  tissue  culture  was  ensured. 

4.  The  direct  influence  of  Interferon  on  infectious  material 
was  studied  under  the  conditions  of  preliminary  contact  of  interferon 
and  RNA  or  homologous  virus  at  37°  prior  to  the  introduction  of 
various  dilutions  of  this  mixture  into  the  tissue  oulture.  After  a 
brief  period  of  contact  between  them  the  mixture  of  viruses  or  RNA 
with  interferon  was  titrated  by  the  method  described  above.  In  the 
control  the  infeotious  material  interacted  with  normal  cultural 
fluid. 

Results  Obtained  and  Discussion  t 

» 

In  series  I  of  the  tests  we  looked  into  the  possibility  of 
intracellular  blocking  of  infectious  RNA  by  interferon.  For  this  pur¬ 
pose  we  studied  the  multiplication  of  virus  in  a  tissue  culture  of 
chick  fibroblasts,  treated  with  interferon  24  hours  prior  to  infection 
with  louping  ill  virus  (2  lg  LD50/0.03  ml^  and  its  RNA 

lips 0/0.03  mX )•  In  culture  treated  with  interferon  the  virus  was 
not  revealed  24  hours  after  infection  with  the  stated  infectious 
material,  while  in  the  control  tissue  culture  the  quantity  of  virus 
oqmprlsed  1.5  lg  LD50/o.03  ml  during  infection  with  virus  and 
1*3  lg  LD&q/o.o3  ml  after  infection  with  RNA.  In  3  days  the  content 
of  virus  in  the  test  culture  comprised  1.5  and  2.3  lg  ^50/0.03  ml 
against  4.5  lg  ^30/0,03  ml  th®  oontrol  (Table  1). 

Thus,  under  the  influence  of  interferon,  introduced  into  a 
tissue  culture  of  chick  fibroblasts  24  hours  prior  to  infection,  there 
was  a  distinct  slowing  down  of  synthesis  of  virus  both  following  the 
introduction  of  louping  ill  virus  into  the  culture  and  also  of  its 
infectious  RNA. 

An  inhibiting  effect  for  Interferon  was  observed  also  in  respect 
to  the  infeotious  process  Induced  by  the  RNA  of  the  poliomyelitis 
virus  on  a  culture  of  chick  fibroblasts  which  were  not  sensitive  to 
the  poliomyelitis  virus. 

According  to  Holland  /57.  Yu.  Z.  Gendon  717.  and  others,  RNA 
of  the  poliomyelitis  virus,  which  had  been  introduced  into  a  non- 
sensitive  oulture,  causes  only  one  oyole  of  multiplication  of  virus, 
since  newly  synthesised  infeotious  viral  partioles  are  not  able  to 
take  root  in  the  new  cells  and  oause  infection. 
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Table  1 


Dynamics  of  quantitative  accu&ulation  of  infectious  RNA  and  louping 
ill  virus  in  a  tissue  culture  of  chick  fibroblanto  during  interaction 
with  interferon  which  was  Introduced  24  hours  prior  to  infection 


(9 

Hm^VK  UNO*  HUH 
Mare?  a  a* 

pi 

1 

£ 

0 

OfipatiOTSMt  TKaneaa* 
ttynbryp*  s«  24  *aca 
ao  aapaKenB* 

/^KoRUfMTpsuMa  anpyca  ■ 

•wsaAenwas  asyrpwxosroiiM* 
aapaxeNReM  MUOeft  aepea 

sih.  a 

m  «  S  K 

§  5.1  i Is 
vsitiS 

© 

1  tyraa 

by*  tyrtm 

PHK  uioTJiatiACKO- 
ro  »Hnee*AHTa 

<s> 

1,7 

1 

v«opMa,ni»na*  icy/ik* 
V  rypajiMU*  km* 

KOCTW 

^HTep^epoii 

0 

4.6 

1.5 

0 

3.0 

Bh pyc  moTaaHA- 

2.0 

^HopMSAbHaa  icy**-. 

1.5 

4.5 

0 

exoro  >iw4»- 

£)  Typajimaji  km* 

ANTI 

KOCTfc 

t 

^HTtp^pOH 

0 

_ 1 

2.3 

| 

2,2 
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culture  treated  24  hours  prior  to  infection;  (d)  Concentration  of 
virus  in  lg  LD5o/o*03  ml*  ®*PO««d  by  intracerebral  infection  of  mice 

in;  (e)  1  day;  (f)  3  days;  (g)Amount  of  lg  LD50  of  virus,  inhibited 

by  Interferon  in  3  days  after  infection:  (h)  RNA  of  louping  ill; 

(1)  Virus  of  louping  ill;  (J)  Normal  cultural  fluid;  (k)  Interferon, 


Titration  of  the  poliomyelitis  virus,  induced  by  the  introduction 
of  RNA  in  a  tissue  culture  of  chick  fibroblasts,  was  carried  out  on  a 
tissue  culture  of  Detroit-6  which  was  sensitive  to  the  virus.  In  con¬ 
trast  to  Intact  virus,  infectious  RNA  induced  the  synthesis  of  polio¬ 
myelitis  virus  in  a  culture  of  ohick  fibroblasts.  Regardless  of  the 
dose  of  RNA,  used  for  the  infection  of  cells  of  chick  f ibroblasts,  the 
Infectious  activity  was  completely  suppressed  by  interferon,  if  its 
introduction  preceded  the  Infection,  If  the  interferon  was  lntrbduced 
immediately  after  infection  of  the  culture,  suppression  of  RNA  activity 
was  not  observed  (Table  2), 

For  clearing  up  the  problem  of  whether  or  not  Interferon  was 
capable  of  the  destruction  or  blocking  of  Infectious  viral  RNA,  tests 
were  set  up  on  the  direct  interaction  of  Interferon  with  RNA  from  the 
viruses  of  poliomyelitis  and  louping  ill.  These  were  investigated 
simultaneously  with  homologous  viruses  taken  in  the  corresponding  doses. 
Results  of  the  interaction  in  vitro  at  37°  were  determined  by  titration 
on  a  sensitive  tissue  culture  of  Detrolt-6  (for  the  poliomyelitis  vims) 
or  by  intracerebral  infeotion  of  mloe  (for  the  virus  of  louping  ill). 
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Table  2 


Inhibiting  action  of  Interferon  on  RNA  of  the  poliomyelitis  virus 
(strain  iiagonl  type  1)  in  interferon-homologous  tissue  culture  of 
ohlck  fibroblasts 
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la*  Concentration  of  virus  was  determined  in  24  hours  after  infection 
by  means  of  titration  of  oultural  fluid  on  Detrolt-6  tissue  culture 
which  is  sensitive  to  the  poliomyelitis  virus. 


Key:  (a)  Dose  of  RNA  in  lg  ID^q*  (b)  Index  studied;  (c)  Amount  of 
virus  in  lg  U>50  following  administration  into  tissue  culture;  (d) 
of  normal  cultural  fluid;  (e)  interferon;  (f)  24  hours;  (g)  immediately 
after  infection;  (h)  24  hours  before  and  after  infection;  (i)  Control 
(untreated  tissue  culture};  (j)  RNA  plus  RNase;  (k)  10-100  ID&0  of 

virus;  (1)  Amount  of  virus  in  IDg0  (m)  Presence  of  inhibition; 

(n)  Same;  (o)  Complete;  (p)  None. 


The  results  of  the  Interaction  of  Interferon  with  RNA  of  the 
poliomyelitis  virus  are  presented  in  Table  3.  The  control  virus  did 
not  lose  infectious  activity  after  preliminary  contact  with  interferon, 
while  RNA  completely  lost  its  cytopathio  activity  after  5  minutes  and 
more  of  contact  with  interferon  at  37  • 

Complete  disappearance  of  infeotious  properties  was  also  observed 
after  the  direot  interaction  of  interferon  with  RNA  of  the  louping  ill 
vims  along  with  preservation  of  aotivity  of  homologous  virus  under 
the  same  conditions  (Table  4). 
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Table  3 


Influence  of  preliminary  contaot  at  37°  of  interferon  with  poliomye¬ 
litis  virus  and  its  RNA  on  their  cytopathio  activity  in  a  tlsnue 
oulture  of  Detroit-6 
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at  37°  (in  minutes);  (f)  Titer  of  virus  after  oontaot  with  the  stated 
strain  (lg  TCD60/0>3  (g)  Amount  of  Inhibited  infectious  doses  of 

virus  (lg  LD50/0.3*j*l)J  Vinis;  (i)  RNA;  (J)  Interferon;  (k)  Normal 
cultural  fluid';  (I)  RNase. 


6. 


Table  4 


Influence  of  preliminary  30-minute  contact  at  37°  of  interferon  with 
louping  ill  virus  and  its  RNA  on  their  infectious  activity,  revealed 
by  means  of  intracerebral  infection  of  white  mice 
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Key:  (a)  No.  of  test;  (b)  Infectious  material;  (c)  Dose  of  infectious 
material  (in  lg  I*D50/0#03  j^);  (d)  Investigated  preparation;  (e)  Results 
of  titration  on  mice  after  contact  in  dilutions  of;  (f)  Infectious 
activity  after  eontaot  with  stated  preparations  (in  lg  LD50/0.03  ml^* 

(g)  Virus;  (h)  RNA;  (i)  Interferon;  (j)  Normal  oultural  fluid; 

(k)  RNase* 
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In  view  of  the  inactivation  of  viral  RNA  following  direct  contaot 
with  interferon  in  the  tests  in  vitro,  the  thought  arose  concerning 
the  presence  of  admixtures  of  RNase  in  the  cultural  fluid  of  infected 
tissue  cultures  which  was  the  substrate  of  the  interferon  utilized. 

According  to  data  from  the  literature,  the  amount  of  RNase  in 
infected  cultures  does  not  change  or  is  even  reduced  in  comparison 
with  the  control  of  Kovacs  PTJ  (1956)* 

Therefore  the  absence  of  activity  in  respect  to  viral  RNA  in  the 
control  tests  with  normal  cultural  fluid  creates  a  foundation  to 
connect  our  observations  of  suppression  of  infectious  RNA  in  vitro 
with  the  participation  of  interferon* 

Conclusions 

1*  Interferon,  obtained  by  means  of  infection  of  cells  of  chick 
fibroblasts  with  the  virus  of  Japanese  encephalitis,  displayed  an 
inhibiting  activity  in  respect  to  infectious  RNA  from  the  viruses  of 
poliomyelitis  and  louplng  ill  following  direct  action  in  vitro*  Inac¬ 
tivation  of  RNA  of  the  louping  ill  virus  was  established  in  tests  on 
the  Intracerebral  infection  of  mice,  and  the  virus  of  poliomyelitis  - 
on  a  culture  of  chick  fibroblasts  which  were  not  sensitive  to  polio¬ 
myelitis  virus* 

2*  The  capaoity  of  interferon  to  inactivate  infectious  viral 
RNA  during  direct  Interaction  with  it  outside  of  a  tissue  culture 
makes  it  possible  to  assume  that  the  same  mechanism  lies  at  the 
basis  of  the  protective  effect  of  interferon*  ^ _ 

Literature 

1.  Gendon,  Yu.  Z.,  Vopr*  ylrusol*.  1963,  No  2,  p  144.  2.  Do 

Sommer,  P.,  Prinzie,  A.,  Denys  P.,  et  al*.  Virology,  1962,  v  16,  p  63* 

3*  Gierer,  A.,  Schramm,  G*,  Z*  Na turf orach.,  1956,  Bd  11,  S  138* 

4*  Grossberg,  S.  K. ,  Holland,  J.  U.,  J.  Immunol.,  1962,  v  88,  p  708* 

5*  Holland,  J*  J*,  Lerov,  Ph*  0*,  McLaren,  L*  G.,  et  al.,  J.  exp* 

Med*,  1959,  v  110,  p  65*  6*  Ho  Momt,  0*,  Proc*  Soc*  exp*  Biol.  (N.Y*), 
1961,  v  107,  p  639*  7*  Kovacs,  E.,J*exp*  Med*,  1956,  v  104,  p  589* 

8*  Mayer,  V.,  Cokol,  F*,  Vilcek,  J.,  Virology,  1962,  v  16,  p  359* 

9*  Reed,  L*  J*,  Muenoh,  H*,  Am*  J*  Hyg.,  1938,  v  27,  p  493* 


8, 


